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HYDROLOGIC CONDITIONS LBA #9 AREA - Supplemental Information

1.0 INTRODUCTTON

This report provides supplemental information to the LBA #9 package previously submitted
by Genwal Coal Company Inc. to the Price office of the Manti-LaSal Nationat Forest. This
report also assesses potential mining impacts. Much of the information contained herein was
requested by USFS and DOGM personnel (during telephone consultations and field
reconnaissancel to aid in their evaluation of the LBA #9 submittal package.

Information presented and discussed herein include the foilowing:

o Stream flow in the north and south forks of Horse Canyon, Blind Canyon, north
and south forks of Crandall Canyon, Indian Creek, and two drainages on the
west-facing slope of East Mountain in the western half of T15S-R6E-Sec 35,

o Tritium and geochemicaldata collected from springs in Joes Valley and on the
west-facing slope of East Mountain,

o Natural mass movement occurrence on the west-facing slope of East Mountain,
and

o Assessment of possible effects of mine-induced subsidence on ths hydrologic
system.

Much of this information relates to USFS concerns regarding potentiai impacts of retreat

mining on East Mountain, and what affects these impacts may have on the Joes Valley
hydrologic system. This report presents evidence suggesting the likelihood of detrimental
impacts occurring to the Joes Valley area ars very minimal. Nonetheless, Gsnwal Coal
Company has committed to installing a Parshall Flume in the Upper Indian Creek to monitor
potential effects to Indian Creek that, although very unlikely, may result from mining.
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2.O STREAM FLOW

Parshall flumes equipped with Stevens Type-F continuous water level recorders have been
installed and maintained in Crandall (two ftumesl and Blind (one flumel Canyons. The Crandall
Canyon flume measurements have been recorded from May, 1988 to the present time.
Stream discharge measurements from the Blind Canyon ftume have been recordEd from July,
1991 to present. Stream discharges measured at the ftume sites are found in the previously
submitted LBA #9 submittal package.

In addition to tho flume measurements, stream flow discharges have been measured at
established stream monitoring stations along Horse cresk, Blind canyon, and the north and
south forks of Crandall Canyon from April through November l ggl . These stream monitoring
stations eldend to the uppermost extent of thE stroam drainages. Stream flow measurements
collected at these stations also appear in the previously submitted LBA f9 package.

Permits to install a Parshall Flume and a Stavens Type-F water level recorder in Indian Creek
(T16S-R6E-Sec10 SEl/4 SW 1/41 have been filed with the United States Forest Service and
the Utah Division of Water Rights. Instaltation is anticipated to occur during th€ fall of 1992.

Stream ftow conditions in the north and south forks of Horse and Crandalt Canyons, Blind
Canyon, Indian Creek, and two drainages on the west-facing slope of East Mountain in Tl ES-
R6E-Sec 35 wl 12, have been observed and recorded during seep and spring surveys.
Consultations with Manti-LaSal National Forest personnel have revealed that tha extent of
flow measurEd in October during two consecutive years is used to define the entent of
perennial stream reaches. Consequently, measurements coltected that apply with this
definition of perennial flow have been used. Observations of stream ftow conditions present
during October 1989 indicate perennial flow existed below the foltowing elevations:
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The two drainages on the west-facing slope of East Mountain in T15S-R6E-sec 35 wl/2,
have been observed to be dry during all fatl seep and spring surveys conducted from 19g5
through 1990. Flow was observed during ths fall 1991 survey; howev€r, flow was not
measured due to the presence of field conditions (rain and melting snowl that would mask any
natural perennial flow or lack of flow.

The stream flow conditions monitored in 1991 indicate that 1991 perennial flow existed
below the following elevations:

DRAINAGE

Blind Canyon
North Fork of Crandall Canyon
South Fork of Crandall Canyon
T15S-R6E-Sec 35 W112 Drainages

DRAINAGE

Blind Canyon
North Fork of Crandalt Canyon
South Fork of Crandall Canyon
North Fork of Horse Canyon
South Fork of Horse Canyon

EVEV. TOP OF PEREIINTAL FLOW

83OO ft. AMSL
84OO ft. AMSL
8440 ft. AMSL
No Perennial Flow

ELEV. TOP OF PERENNIAL FLOW

9640 ft. AMSL
9O2O ft. AMSL
8940 ft. AMSL
No perennial flow
94OO ft. AMSL

The 1991 stream ftow conditions were monitored at least once a month from the period of
April 156 through November 136. Rainfalt occurred immediately prior to or during the late
summer and fall monthly stream surv6ys. These ftow measurem€nts are found in the LBA #g
package and were used to design the stream buffer zones in the mine plan

3
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TRITIUM AND GEOCHEMICAL ANALYSTS OF JOES VALLEY AND EAST MOUNTAIN
SPRINGS

Tritium and geochemical analyses were conducted on water samplEs collected on June 11,
1992. Analyses were conducted to determine if gross features (tritium age - water residence
time in the subsurface, and gross geochemistry) indicate the presence of more than one water
sourcs in Joes Valley and the west-facing slope of East Mountain.

Field evidencs suggests that at least two water regimes are contributing water to Indian
Creek. First, seep and spring flow as well as surface sheet flow (primarily during episodes of
rainfall and snowmeltl, on the west-facing slope of East Mountain provide waters that
infiltrate into the Holocene coltuvium at the base of East Mountain. This water is then
postulated to surface to the west and southwest (down gradientl at springs, which provide
water to Indian Creek. Field observations suggest this scenario is operating in TI SS-RGE-Soc
34 SW 114, and T16S-R6E-Sec 3 N1/2 NE1/4. Second, the linear occurr€nce of springs in
T16S-R6E-Sec 3 51/2 NEI 12, and T16S-R6E-Sec 3 SElt4, suggest water may be surfacing
via a subsidiary fault trending N-S parallelto the main Joes Valley Fault. This suspected fault
lies on the down-thrown fault block approximately 1/4 mile west of the main Joes Valtey
Fault. In contrast to up-thrown fault blocks, the down-thrown fault blocks in this ragion
typically contain subsidiary faults. The subsidiary faults trend parallel to the major fault, in
this case the Joes Valtey Fault at the base of East Mountain. The springs suspected to be
emerging from the subsidiary faults contain tufa mounds, which are not present at the springs
which appear to be related to the colluvium discussed above.

3.1 Tritium Analvsis

Tritium analyses were conducted on samples coltected from springs Spl-la, Spl -47, Spl-
42a, and SPl-37. Spring locations are shown on Plate 1. Analyses were conducted by the
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Tritium Laboratory, Rosenthal School of Marine and Atmospheric SciencE, University of Miami.

Laboratory analyticalresults appear in Appendix 1. Sample EarthFax-l corresponds to spring
SP1'1a- Sample EarthFax-2 was collected from spring SPl-47, EarthFax-3 from spring Spl-
37, and EarthFax-4 from spring Spl -42a.

The laboratory results indicate Tritium Unit (TUl concentrations range from 19.2 to 3g.2 TU.
These tritium unit values indicate the spring waters consist of mixed, new and old water. Old
water being water not in communication with the atmosphere since 1952. New water being
water in communication with the atmosphere since 1952. tt is not possible to determine from
these results the degree of mixing, or ages of the waters mixed. As a result, tritium dating
neither supports or negates the presence of one, or more than one sourcs of groundwater in
the upper lndian Creek.

3.2 Geochemical Analvsis

Geochemical analyses were conducted on water samples collEcted from springs SPl-la
(Genwal-11, SPl-47 (Genwal-2l, SPl-37 (Genwal-3l, SP1-42a (Genwat-4), SPl-31, SPl-30a,
and the drainage in T15S-R6E-Sec 35 Nl t2 SWlt4. Laboratory analytical results are found
in Appendix 2. Analyticaltesting was performed by Chemtech Analytical Laboratories of Salt
Lake City.

Stiff diagrams constructed from the geochemical analyses rEveal that th3 general character
of all the groundwater samples are that of a calcium-magnesium-bicarbonate water. Stiff
diagrams appear in Plate 1. The stiff diagrams are plotted on a scale of zero to ten
milliequivalents (MEO). The Stiff diagrams indicate that waters of Joes Valtey and the w€st-
facing slope of East Mountain ars very similar in their geochemical nature. This is not
surprising since waters in both areas are migrating through similar formations. As a result,
these results do not indicate the number of hydrotogic regimes present in the Joes Valley-East
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Mountain Area- Although sulfate is present in different relative quantities, it does not vary
to a degree sufficient to identify different hydrotogic regimes. Due to the similar nature of the
geochemistry of all samples, piper plots wEre not constructad.
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4.O NATURAL MASS MOVEMENT ON THE WEST.FACING SLOPE OF EAST MOUNTAIN

At the request of Manti-LaSal National Forest personnel, Genwal Coal Company has mapped
the sites of natural mass movement on the west-facing slope of East Mountain. Mapping was
performed by conducting an aerial photographic interpretation of the following area: Tl SS-
R6E-Sec35 SWl/4, T16S-R6E-Sec2 Wl12, T16S-R6E-Sec11 Wl 12, and T16S-R6E-Sec1O
E1l2E112. Aerial photos taken July 3, 1976, and September 2z,1g84wero stereoscopically
studied. The 1976 photos predate the heavy snowfall of 1993/1984. The Septe mber 27 ,
1984 survey postdate the heavy snowfalt of 1983/1984, and records the natural mass
movem€nt features that resulted from the heavy precipitation.

Mass movemsnt features present in 1976 and 1984 are shown on plate 2. plata 2 shows
that two of the three sites of mass movement present in 1976 w€re roactivated in 1984.

Field observations indicate a large portion of the tree trunks on the west-facing slope of East
Mountain are curved in a manner indicating the occurrence of naturalsoilcreep. Furthermore,
the presence of sediment lobes at the base of East Mountain further indicate the presence of
historic natural mass movement down the west-facing slope of East Mountain.

7
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5.0 SUBSIDENCE MAGNITUDES AND OVERBURDEN MINERALOGY

5.1 Subsidence Maonitudes

Modeling of mine{nduced subsidence that may result from mining the Hiawatha Coal Seam
beneath East Mountain has been conducted by TerraTek Geoscience Services of Salt Lake City
(TerraTEk, 19911. The anticipated magnitude of subsidence of East Mountain was calculated
using the following techniques:

o National Coal Board Technique,
o Results of the Deer Creek Subsidence Study, and
o Elastic Analysis.

These analyses indicate the maximum magnitude of surface subsidence to be no more than
three to four inches. The draw angle is expected to be approximately 2oo.

5.2 clav Mineraloov of the Hiawatha coal seam overburden

The mineralogy of the Hiawatha Coal Seam overburden has been studied to determine its
capacity to seal mine-induced subsidence fractures, and thereby protect the hydrologic system
(small laterally discontinuous perched aquifersl present above the Hiawatha Coal. The
presenco of both clay minerals and the capacity for comenting agents to aid in fracture healing
have been investigated. Results of this study ara outlined in, 'Mineralogy of the Crandall
Canyon Mine Overburden, lmplications for Healing of Fractures Resulting From Retroat
Mining. '  5€e AppepOv Z- l .

X-ray diffraction anblysis of the Hiawatha overburdEn revealthe presence of a number of clay
minerals. Swelling ctays present inctude mixed-layer smectite-illite, mixed-layer smectite-
chlorite, and pure smectite (bentonitel. Significant quantities of swelling clays w€re found in

8
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l
v

the Blackhawk, Castlegate, and price River Formations (EarthFax, 19921. Due to their highcation-exchange capacities, these swelling cray minerals are able to occlude void areas andimpede migration of groundwator. smectite is a standard clay used in the completion ofgroundwater wells duE to its water sealing property. Kaolin and illite clay rninerals are atsopresent in the Blackhawk, Castlegate, and price River Formations (EarthFax, lg92l. Thesaminerals will also aid in searing fractures that resurt from retreat mining.

core analysis reveal that calcite forms the dominant cement pr€sent in the Btackhawk,
castlegate' and Price River Formations overlying the crandall canyon Mine. Analyses ofgroundwater chemistry and chemicat conditions controlling precipitation of calcite indicate thatprecipitation of catcitE atong the fracture planes produced by retreat mining will occur(EarthFax' 1992)' Furthermore, the presence of tufa deposits at setected springs (principafly
of the Btackhawk Formationl indicate that precipitation of calcite is occurring.

5.3

A study conducted by the Fish Lake National Forest in the overburden of coastal states
Energy corporation's sUFCo #1 Mine in convulsion canyon, utah, indicate that s6 percent
of the tension fractures produced by retreat mining are physically self-healing (DeG ratt, 1g7gr.
Both mines' GEnwal's crandafl canyon and sUFCo's convulsion canyor, mine coal of theHiawatha coal Seam' and are overlain by similar formations containing similar lithotogies. Theamount of fracture-heating ranged irom t3 to 1oO percent (DeGraff, lg7gl. physical rates
of subsidence fracturs closure ranged from less than 1 t32inchto more than 1/4 inch per
week (DeGraff' 19781' An average fracture closure ratE of greater than r/r 6 inch per weekwas measured {DeGratt, 19781. These data indicate that 56 percent of the maximum width
of tension fractures are physically self-healing.

compressionaf fractures, which atso result from retreat mining, were not analyzed in DeGraff,sstudy' compressional fractures ar€ held closed tightty by compressional forces, and typicalfy
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contain gouge along fracture ptanes which generally form impermeable barriers to groundwater
flow.

10
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coNcLUStONS

Stream flow conditions in the north and south forks of Horse and crandall canyons, Blind
Canyon' Indian Cresk, and two drainages on the west-facing slope of East Mountain in T15s-
R6E-Sec 35 w1t2, have been observed and recorded during seep and spring surveys
conducted from 1995 through 1992. Tha two drainages on the west-facing slope of East
Mountain in T15S-R6E-sec 35 Wl/2, have been observed to be dry during all falt seep and
spring surveys conducted from 1985 through 1990. Flow was observed in these two
drainages during the fall 1991 survey; howsv€r, stream flow was not measured due to the
pressnce of conditions (falling rain and melting snowl that mask natural perennial flow
conditions.

observations of stream flow conditions present during october lggg indicata perennial flow
'existed below the fottowing elevations: 8300 ft. AMSL (Blind canyonl, g4oo ft. AMSL (North
Fork of crandall canyonl' and 8440 ft. AMSL (south Fork of crandall canyonl.

Stream flow measurements collected in 1991 indicate perennial ftow existEd below the
following elevations: 9400 ft. AMSL (South Fork of Horse canyonf, 9640 ft. AMSL (Btind
canyonl' 9o2o ft. AMSL (North Fork of Crandall canyonl, g94o ft. AMSL {South Fork of
Crandall Canyonl, and no perennial flow (North Fork of Horse Canyonl.

Tritium dates of spring waters collected from both Joes Vafley and the west-facing slope of
East Mountain indicate mixing of otd and new watsrs. Geochemical analysis of spring waters
colfected from both Joes Vatley and the west-facing srope of East Mountain reveal that the
general character of all the groundwater samples are that of a calcium-magn6sium-bicarbonate
water' As a result, when these resutts are interpreted in conjunction with the tritium rssults,
these data neither confirm or negate the presence of on6 or more than one hydrologic system
supplying water to the upper Indian creek.

6.0

^
v
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Aerial photographs taken in 1976 and 1984 reveal the presence of a substantial amount of
natural mass movement on the west-facing slope of East Mountain. Field observations of
curved tree trunks resulting from soil movement also indicato a large degree of natural down-
stope soil movement. The presence of sediment lobes at the base of East Mountain further
suggest the presence of historic natural maslt movem€nt down the west-facing slope of East
Mountain.

Modeling of subsidence that would result from retreat mining under East Mountain indicate
the maximum degree of lowering of East Mountain will be no more than three to four inches.
The draw angle is expected to be on the order of 2Oo.

X-raydiffraction analysis of the Hiawatha Coal Seam overburden (Blackhawk, Castlegats, and
Price River Formationsl indicate the presence of a number of clay minerals (EarthFax, lgg2l.
Swelling clays prosent include mixed-layer smectite-iilita, mixed{ayer smectite-chlorite, and
pure smectite bentonitel. These swelling clay minerals are abte to occtude void areas and
impede migration of groundwater. other ctay minerals present t'rat wilt aid in further sealing
fractures that result from retreat mining inctude kaolin and illite. precipitation of calcite along
the fracture planes will atso aid in sealing fractures that resutt from retreat mining.

A Fish Lake National Forest study indicates that E6 psrcont of the tension fractures produced
by retreat mining are physically self-healing (DeG ratt,1g7gt. Average fracture closure ratss
of greaterthan 1/16 inch per week were measured (DeGraff, 1g7g). These data indicatg that
56 pErcent of the maximum width of tension fractures ara physicaily self-healing. Due to the
presence of (1) clay minerals (principally swelling claysl, and (21 precipitation of calcite
cement in the overburden of the Hiawatha Coal at the Crandall Canyon Mine, and (31 physical
closurs of tension fractures, the tikelihood of fracture development adversely affecting the
hydrologic system (principally smalt discontinuous perched aquifersl of East Mountain is
considered very minimal. Furthermore, the anticipated magnitudes of subsidence (maximum

12



GENWAL COAL COMPANY
Crandall Canyon Mine

Hydrologic Conditions LBA fg - Supp. Info.
August 27,1992

of no more than 3 to 4 inchesl of East Mountain further shed considerable doubt on thepossibility that adverse effects from retreat mining may occur.
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APPENDIX 1

TRITIUM LABORATORY ANALYTICAL RESULTS
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APPENDIX 2

GEOCHEMICAL IABORATORY ANALYTICAL RESULTS



t-ilrhE GHEMTECH
ANALYTICAL IABORATORYo 61OO S. STFATLER

MURRAY, UTAH 84I07
PHONE: (801) 262-7299

FAX: (801) 262-7379

DATE 2  7 - tO -92

TO:  Ea r thFax  Eng inee r i ng
7324  So .  1300  Eas t
M idva le ,  U tah  84047

SAMPLE ID :  Lab  #UO7g6g6  Genwa l ,  #1 ,  6_ l t - g2
DATE SUBMITTED:  6 -12 -92

CERTIFICATE OF ANALYSIS

PARAMETER

TDS,  mg / l

Hardness  as  CaCOy mg/ l

B i ca rbona te  as  HCOI ,  ng / l
Ca rbona te  as  CO l r  ng / l
Ch lo r i de  as  C l ,  ng / l

F tuo r i de  as  F ,  ng / l

Ammon i a as NHJ-N t mg/ |
N i t r a te  as  NO, -N ,  mg / l

N i t r i t e  as  NOI -N ,  mg / l
Phospho rus  as  p ,  ng / l

Su l f a te  as  SO l r  nE / l

Su l f i de  as  S ,  ng / l

A lum inum as  A l  (T ) ,  nE /L
A rsen i c  as  As  (T ) ,  ng / l

Ba r i um as  Ba  (T ) ,  ng / l

Bo ron  as  B  (T )  ,  ng / l

Cadmium Es  Cd  (T ) ,  mE / l
Ca l c i um as  Ca  (T ) ,  ng / l
Ch rom ium as  C r  (T ) ,  mg / l

DATE ANALYZED

6- t5 -92

6- t7  -92

6-24-92

6-24-92

6-  t7  -92

6-18-92

6-  t5 -92

6- t2 -92

6-15-92

6-27 -92

6-25-92

6- t6 -92

7 -07  -92

7 -07  -92

7 -07  -92

7  -09-92

7 -07  -92

7 -02-92

7 -07  -92

DETECTED

289

276

328

0

2.3
< .1

< .2

0  .245

<.005

0 .014

L6

<.5

0 .19

< .05

0 .216

<.1

< .01

92 .3
< .01

NorE:  Rece ived  n i t r i t e  samp les  pas t  ho ld ing  t ime

Hende rson



t-F
.t Elil GHEMTEGH

a a 

LYrrcALraBoRAroRY
6100 S. STRATLER

MURRAY, UTAH 84107
PHONE: (801) 262-7299

FAx: (801) 262.7379

To:  Ear thFax  Eng ineer  ing  
DATE i  7 ' l o -92

7324  So .  l30O Eas t
Midva le ,  U tah  94047

SAMPLE ID :  Lab  #U0796g6 Genwa l ,  #1 ,  6 - l t -gz
DATE SUBMITTED:  6 -  t2 -92

CERTIFICATE OF ANALYSIS

o

PARAMETER

Copper  as  Cu  (T ) ,  ne / l
Lead  as  pb  (T ) ,  ng / l
Magnes ium as  Mg (T ) ,  ng /L
Manganese  as  Mn (T ) ,  ng /L
Mercury  as  Hg  (T ) ,  ng / l
Mo lybdenum as  Mo (T ) ,  nE /L
N icke l  as  N i  (T ) ,  ng / l
Po tass ium as  K  (T ) ,  ng / l
Se len ium as  Se  (T ) ,  ng / l
Sod ium as  Na (T ) ,  ng / l
Z inc  as  Zn  (T )  ,  ne / l
I ron  as  Fe  (D iss ) ,  ng / l
Ca t  ion ,  neq /  |
An ionr  meq/ l

DATE ANALYZED

7 -07 -9?

7 -07 -92

7 -02-92

7 -07 -92

6-23-92

7-07 -92

7 -07  -92

7 -02-92

7  -07  -92

7 -0 t -92

7 -07  -92

7 -07  -92

DETEETED

<.01

< .01

18 .0

0 .012

< .0005

< .01

< .  01

0 .6

0 .005

1 .8

0 .225

0 .230

6 .  L6

5 .77

Henderson



fh cHEnrrEcH
ANALMCAL IABORATORYol 6100 S. STFATLEF

4rffiii{i##,is
DA?E: 7 -  t0 -92

TO:  Ea r thFax  Eng inee r i ng
7 324 So.  t  f  Oo nas i - - -
Midva le ,  U tah  gq }+ l

l l l l lE  rD:  Lab #u078687
DATE SUBMITTED:  e -T , - ; ;

Genwal ,  #2 ,  6 - l t -92

PARAMETER

TDS,  ng / l

l l a rdness  as  CaCO3,  mg / l
Bicarbonate  as  HCO'  ng / l
Carbonate  as  CO3r  ng / l
Ch lo r ide  as  C l ,  nB / l
F luor ide  as  F ,  ng / l
Amnon ia  as  NH, -N,  mE/ l
N i t ra te  as  NO' -N ,  mg/ l
N i t r i t e  as  NOI_N,  m ' , / l
Phosphorus  as  p ,  ng / l
Su l fa te  as  SO1,  ng / l
Su l f i de  as  S ,  ng / l
A luminum.as  A l  (T ) ,  ne / l
A rsen ic  as  As  (T ) ,  ng / l
Bar ium as  Ba  (T ) ,  ng / l
Boron  as  B  (T ) ,  ng / l
Cadmium as  Cd (T)  ,  ne /  L
Ca lc ium as  Ca (T ) ,  mg/ l
Chromium as  Cr  (T ) ,  ng / l

DETECTBD

262

276

332

0

3.5
< .1

< .2

0 .967
<.005

0 .  114

9 .5

< .5

1 .19

< .05

0 .265

<.1

< .01

91 .9

< .  01

DATE ANALYZED
6- t5 -92

6-  t7  -92

6-24-92

6-24-92

6-17  -92

6-  L8-92

6- t5 -92

6- t2 -92

6- t5 -92

6-27 -92

6-25-92

6-16-92

7 -07  -92

7 -07  -92

7 -07  -92

7  -09-92

7-07 -92

7  -02-92

7 -07  -92

NOTE;  Rece i ved  n i t r i t e  samp les  pas t  ho ld i ng  t ime .

Henderson



[H- cHEnrfrEcHl]f l-lj 
-r 

ANALtTtcALtABoR^roRy

O 
_1 AL,IIC'

6100 S. STFATLER
MURRAY, UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262-737s

DATE z  7 -  l 0 -92
TO:  Ea r thFax  Eng inee r i ng

7324  So .  13OO Eas t
M idva le ,  U tah  94047

SAMPLE ID :  Lab  #U0796g7  Genwa l ,  #2 ,  6_L t_g2
DATE SUBMITTED:  6 -  t } -gz

EERTIFICATE OF ANALYSIS

PARA}IETER

Coppe r  as  Cu  (T ) ,  ng / l
Lead  as  pb  (T ) ,  ng / l
Magnes ium as  Mg  (T ) ,  ng l l
Manganese  as  Mn  (T ) ,  ng / l
Me rcu ry  as  Hg  (T ) ,  nE l l
Mo l ybdenum as  Mo  ( .T ) ,  mg / l
N i cke l  as  N i  (T ) ,  ng / l
Po tass ium as  K  (T ) ,  ng / l
Se len ium as  Se  (T ) ,  ng / l
Sod ium as  Na  (T ) ,  ng / l
Zinc

I  ron

Zn  (T ) ,  nE / l

Fe  (D i ss  )  ,  nE /  I
Cat  ion t  m.ee/  |

An ion  r  meg / l

DATE ANALYZED
7 -07  -92

7 -07  -92

7 -02-92

7 -07  -92

6-23-92

7 -07  -92

7 -07  -92

7 -02-92

.7 -07-92
7  -0 t -92

7 -07  -92

7 -07  -92

as

as

DETECTED

<.01

<.01

2 t  .2

0 .027
<.0005

< .01
< .01

1 .0

< .005

2 .3

0 .281

0 .  50

6 .  58

5 .74

Hende rson



[E= GHEMTECH
lgf-'J 

Yr 
AN^LyrrcALraBoRAroRyol 61OO S. STRATLER

MURRAY. UTAH 84107
PHONE: (801) 262.7299

FAX: (801) 262-7379

DATE:  7 - t 0 -92

TO:  Ea r thFax  Eng inee r i ng
7324  So .  1300  Eas t
M idva le ,  U tah  94047

SAMPLE ID :  Lab  #UO7g6gg  Genwa l ,  #3 ,  6 - t l - gz
DATE SUBMITTED:  6 - t 2 -92

CERTIFICATE OF ANALYSIS

PARAMETER

TDS,  ng / l

Ha rdness  as  CaCO,  t  mg /  |
B i ca rbona te  as  HCOI ,  ne / l
Ca rbona te  as  COSr  mg / l

Ch lo r i de  as  C l ,  ng /L

F luo r i de  as  F ,  ng / l

Ammon i a as NH,-N , mg/ |

N i t r a te  as  NOI -N t  mE / l

N i t r i t e  as  NOI -N ,  mg / l

Phosphorus  as  p ,  nE / l
Su l fa te  as  SO1,  mg/ l
Su l f i de  as  S ,  ng / l
A luminum as  A l  (T  )  ,  ng /  |
A rsen ic  as  As  (T ) ,  ng / l
Bar ium as  Ba  (T ) ,  nE / l
Boron  as  B  (T ) ,  ng / l
Cadmium as  Cd (T ) ,  nE / l
Ca lc ium as  Ca (T ) ,  ne / l
Chromium as  Cr  (T )  ,  ng / l

DETECTED

302

294

338

0

4.4
< .1

< .2

0 .930

<.005

0 .015

24
<.5

o  .37

< .05

0  .201

<.1

< .01

90 .  9

< .01

DATE ANALYZED

6-  1  5 -92

6 -  L7  -92

6 -24 -92

6-24 -92

6 - t7  - 92

6 -18 -92

6 -  t 5 -92

6 - t2 -92

6 - t5 -92

6 -27  -92

6 -25 -92

6 -  r 6 -92

7  -07  -92

7  -07  -92

7 -07 -92

7  -09 -92

7  -07  -92

7  -02 -92

7  -07  -92

NorE:  Rece ived  n i t r i t e  samp les  pas t  ho ld ing  t ime.

He nde  r  son



tilrrE GHEIUTEGH
AT,I A LYT I C AL IA B O RATO RY

61OO S. STFATTEF
MURRAY, UTAH 84107
PHONE: (80r) 262-7499

FAX: (801) 262-z37g

DATE.  7 -  t0 -92
TO:  Ear thFax  Eng ineer ing

7324  So .  1300  Eas t
Midva le ,  U tah  94047

SAMPLE ID :  Lab  #UOZ8688 Genwa l ,  #3 ,  6 - t t -92
DATE SUBMITTED: 6-tZ-92

CERTIFICATE OF ANALYSIS

o

PARAMETER

Copper  as  Cu  (T ) ,  ng / l
Lead  as  Pb  (T ) ,  ng / I
Magnes ium as  Mg (T ) ,  ng / I
Manganese  as  Mn (T ) ,  mE/ l
Mercury  as  Hg  (T ) ,  ng / l
Mo lybdenum as  Mo (T ) ,  ne / l
N icke l  as  N i  (T ) ,  ng / l
Po tass ium as  K  (T ) ,  ne / l
Se  len ium as  Se  (T )  ,  ng /  |
Sod ium as  Na (T ) ,  ng / l
Z inc  as  Zn  (T ) ,  ng / I
I ron  as  Fe  (D iss ) ,  ng / l
Ca t ion ,  neq / l

An ion  t  mee/ l

DATE ANALYZED

7 -07  -92

7 -07-92

7 -02-92

7 -07  -92

6-23-92

7 -07 -92

7 -07 -92

7 -02-92

7 -07  -92

7 -01-92

7 -07  -92

7 -07  -92

DETECTED
<.  01
< .  01

23 .O

<.01

< .0005

<.01

< .  01

1 .0

0 .005

3 .2

0 .077

0 .35

6 .  59

6 .  L6

Hende rson



tL cHE]T,ITEGH
' l-q FJ 

v I 
AN^LrrrcALraBoRAroRy

O I 

AI\ALTIICA
6100 S. STFATLER

MURRAY, UTAH 84107
PHONE: (80t)262.7299

FAX: (801) 262-737A

DATE t  7 -LO-92

TO:  Ea r thFax  Eng inee r i ng
7324  So .  1300  Eas t
M idva le ,  U tah  94047

SAMPLE ID :  Lab  #U079699  Genwa l ,  #4 ,  6 -L l - gz
DATE SUBMITTED:  6 -12 -92

CERTIFICATE OF ANALYSIS

PARAMETER

TDS,  ng l  I

Ha rdness  as  CaCO,  r  mg / l
B i ca rbona te  as  HCO3r  ng / I
Ca rbona te  as  CO3 ,  ng /L

Ch lo r i de  as  C l ,  ng l l

F l uo r i de  as  F ,  ng /L

Ammon ia  as  NH, -N ;  mE/ l

N i t r a te  as  NOI -N ,  mE / l
N i t r i t e  as  NOI -N ,  mg / l

Phospho rus  as  p ,  ng /L

Su l f a te  as  Sog r  nE / l

Su l f i de  as  S ,  mg / l

A lum inum as  A l  (T ) ,  ng / l
A rsen i c  as  As  (T ) ,  nE / l
Ba r i um as  Ba  (T ) ,  ng /L

Bo ron  as  B  (T ) ,  n * / l

Cadmium as  Cd  (T ) ,  nE /L
Ca l c i um as  Ca  (T ) ,  nE / l
Ch rom ium as  C r  (T )  ,  ng /L

DATE ANALYZED

6-r5-92
6-17 -92

6-24-9?

6-24-92

6-  L7  -92

6- t8 -92

6- t5 -92

6- t2 -92

6-15-92

6-27  -92

6-25-92

6-  L6-92

7 -07  -92

7 -07  -92

7 -07  -92

7 -09-92

7 -07 -92

7 -02-92

7 -07  -92

DETECTED

29s
296

367

0

1.8

0 .107

<.2

0 .365
<.005

0 .017

t .4
< .5

0 .  54
< .05

0 .  110

<.1

< .  01

84 .  8

o .023

NOTE:  Rece i ved  n i t r i t e  samp les  pas t  ho ld i ng  t ime .

Hende  r son



t-illhtr GHEM"HEGII
o 6100 S. STRATLER

MURRAY, UTAH 84I07
PHONE: (801) 262.7299

FAX: (801) 262-737A

DATE:  7 - tO-92
TO:  Ear thFax  Eng ineer ing

7324  So .  1300  Eas t
Midva le ,  U tah  94047

SAMPLE ID :  Lab  #U078689 -  Genwa l ,  #4 ,  6 - t l -gz
DATE SUBMITTED:  6 - tZ -92

CERTIFIEATE OF ANALYSIS

PARAMETER

Copper  as  Cu  (T ) ,  ng /L
Lead  as  pb  (T ) ,  ng /L
Magnes ium as  Mg (T ) ,  ne / l
Manganese  as  Mn (T ) ,  m9/ l
Mercury  as  Hg  (T ) ,  ng / l
Mo lybdenum as  Mo (T ) ,  ng / l
N i  cke  I  as  N i  (T )  ,  ng /  |
Po tass ium as  K  (T ) ,  ng / l
Se len ium as  Se  (T ) ,  ng / l
Sod iun  as  Na  (T ) ,  mg/L
Z inc  as  Zn  (T ) ,  ng / l
I ron  as  Fe  (D iss ) ,  ng / l
Ca t ion r  me9/ l

Anion t  me9./  |

DATE ANALYZED

7 -07 -92

7 -07 -92

7 -02-92

7 -07 -92

6-23-92

7 -07 -92

7  -07  -9?

7 -02-92

7 -07  -92

7  -01-92

7 -07  -92

7-07-92

DETECTED

<.01

<.01

24  .3

< .01

.  < ,0005

<.01

< .01

0 .4

< .005

1 .6

0  .019

0 .  38

6 .  30

6 .09



lE=, CHEMTECHlf 
f-tJ 

vr 
ANALrnc^LrABoRAroRYo 6100 S. STRATLER

MURRAY, UTAH 84107
PHONE: (801) 262.7299

FAX: (801) 262-7gtg

DATE:  7 - t 0 -92

TO:  Ea r thFax  Eng inee r i ng
7324  So .  13OO Eas t
M idva le ,  U tah  94047

SAMPLE ID :  Lab  #uo7g690  Genwa l ,  1 -53  S t ream,  6_LL_gz
DATE SUBMITTED:  6 -T2 -92

CERTIFICATE OF ANALYSIS

PARAMETER

TDS,  ng / l

Ha rdness  as  CaCOr ,  mg /L

B i ca rbona te  as  HCO! ,  ng / l
Ca rbona te  as  CO3r  ng / l

Ch lo r i de  as  C l ,  ng / l

F l uo r i de  as  F ,  mg /L

Amnon ia  as  NH, -N ,  mg / l

N i t r a te  as  NO3-N  t  mE / l

N i t r i t e  as  NO ' -N ,  mg / l
Phospho rus  as  p ,  ng / l

Su l f a te  as  SO l r  mg /L

Su l f i de  as  S ,  ng /L

A lum inum as  A l  (T )  
"  

ng /L
A rsen i c  as  As  (T ) ,  ng / l

Ba r i um as  Ba  (T ) ,  ng l I

Bo ron  as  B  (T ) ,  ng / I

Cadmium as  Cd  (T ) ,  ng / l
Ca l c i um as  Ca  (T ) ,  nE / l
Ch rom ium as  C r  (T ) ,  ng / l

DATE ANALYZED

6-15-92

6-17 -92

6-24-92

6-24-92

6-17 -92

6- t8 -92

6- t5 -92

6-12-92

6-15-92

6-27  -92

6-25-92

6- r6 -92

7 -07  -92

7 -07  -92

7  -A7  -92

7 -09-92

7 -07  -92

7 -02-92

7 -07  -92

DETECTED

235

229

266

0

2.6

0 .  105
<.2

0 .154

<.005

0 .012

24

<.5

o  .28

< .05

0 .075

<.1

< .01

59 .8
< .01

NOTE:  Rece ived  n i t r i t e  samp les  pas t  ho ld ing  t i rne .

Hende rson



i[rutEE CHEITTTECH
ANALYTICALIABORATORY' -1 |o 6100 S. STRATLER

MUFFAY, UTAH 84I07
PHONE: (801)262.2299

FAX: (801) 202.7379

DATE:  7 - tO-92
TO:  Ear thFax  Eng ineer ing

7324  So .  1300  Eas t
Midva le ,  U tah  g4047

SAMPLE ID :  Lab  #UO7869O -  Genwa l ,  1 -53  S t ream,  6 - l l _92
DATE SUBMITTED: 6- L2-gz

CERTIFICATE OF ANALYSIS

o

PARAtT{ETER

Copper  as  Cu  (T ) ,  ng / l
Lead  as  pb  (T ) ,  ng / l
Magnes ium as  Mg (T ) ,  ng / l
Manganese  as  Mn (T ) ,  ng , / l
Mercury  as  Hg  (T ) ,  ne / l
Mo lybdenum as  Mo ( .T ) ,  ng l l
N icke l  as  N i  (T ) ,  ng / l
Po tass ium as  K  (T ) ,  ng /L
Se len ium as  Se  (T ) ,  ng /L
Sod ium as  Na (T ) ,  ng / l
Z inc  as  Zn  (T ) ,  ng / l
I ron  as  Fe  (D iss ) ,  ng / l
Ca t  ion ,  ngq /  I
An ionr  meg/ l

DATE ANALYZED

7-A7-92

7 -07 -92

7-02-92

7 -07 -92

6-23-92

7 -07 -92

7-07-92

7 -02-92

7 -07  -92

7  -0 t -92

7 -07 -92

7-07-92

DETECTED
< .01

0 .016

20 .9

< .01

< .0005

<.01

< .01

1 .1
< .005

+.4

0 .040

0 .50

4 .92

4 .93

Hende rson



CHEMTECI{
ANALMCALIABORATORY

6100 S. STRATLER
MURRAY. UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262-7378

DATE i  7 -LO-92

TO:  Ear thFax  Eng ineer ing
7324  So .  1300  Eas t
Midva le ,  U tah  94047

SAMPLE ID :  Lab  #UO7g69 l  -  Genwa l ,  l -30a ,  6 -LL-92
DATE SUBMITTED z  6- t2 -92

CERTITICATE OF ANALYSIS

PARAMETER

TDS,  ne / l

Hardness as CaCOy mg/I
B icarbonate  as  HCO3r  mg/ l
Carbonate  as  CO3r  ng / l
Ch lo r ide  as  C l ,  ng / l
F luor ide  as  F ,  ng lL
Ammonia as NHI-N t  mg/ l
N i t ra te  as  NO' -N ,  mg/ l
N i t r i t e  as  NOI -N,  mg/ l
Phosphorus  as  p ,  ng / l
Su l fa te  as  SOl r  ng / l
Su l f i de  as  S ,  ng / l
A luminum as  A l  (T )  n  ne / l
A rsen ic  as  As  (T ) ,  ne / l
Bar ium as  Ba  (T ) ,  ng / l
Boron  as  B  (T )  ,  ng /  |
Cadmium as  Cd (T ) ,  mg l l
Ca lc ium as  Ca (T ) ,  ne / l
Chromium as  Cr  (T ) ,  ne / l

DATE ANALYZED

6-15-92

6-  t7  -92

6-24-92

6-24-92

6-  t7  -92

6-18-92

6- r5 -92

6- t2 -92

6-15-92

6-27  -92

6-25-92

6-16-92

7 -07 -92

7 -07  -92

7 -07 -92

7 -09-92

7 -07 -92

7 -02-92

7 -07 -92

DETECTED

209

257

296

0

2.8
< .1

o  .24

0 .463
<.005

0 .044

24
<.5

0 .88

< .05

0 .059

<.1

< .01

63 .7

< .01

NorE:  Rece ived  n i t r i t e  samp les  pas t  ho ld ing  t ime.

Henderson



l-il arl.rEr/ ':i

_rEF CHEMTFCH
o

- :  s

SIOq S. STMTLER
MURRAY, UTAH 84107
PI|oNE: (801) AB2.7299

FAX: (801) 282-tgza

DATE:  7 -10 -92
TO:  Ea r thFax  Eng inee r i ng

7321  So .  1300  Eas t
M idva le ,  U tah  94047

SAMPLE ID :  Lab  #U078691  -  Genwa l ,  1 -30a ,  6 - t t _g2
DATE SUBMITTED: 6-L2-92

CERTIFICATE OF ANALYSTS

PARAMETER

Copper  as  Cu  (T ) ,  ng l l
Lead  as  pb  (T ) ,  ng / l
Magnes ium as  Mg (T ) ,  n * / l
Manganese  as  Mn (T ) ,  mg l l
Mercury  as  Hg  (T ) ,  ng / l
Mo lybdenum as  Mo (T ) ,  ng lL
N icke l  as  N i  (T ) ,  ng /L
Potass ium as  K  (T ) ,  ng l l
Se len ium as  Se  (T ) ,  ng / l
Sod ium as  Na (T )  ,  ng /  |
Z inc  as  Zn  (T ) ,  ng / l
I ron  as  Fe  (D iss ) ,  ng / l
Ca t ion ,  neq / l

An ion  t  mee/  I

DATB ANALYZED
7 -07 -92

7 -07 -92

7 -02-92

7 -07 -92

6-23-92

7 -07 -92

7-07-92

7-A2-92

7-07-92

7 -0 r -92

7 -07 -92

7 -07 -92

DETECTED
<.  01
< .01

23  .5

0 .019

<.0005

<.01

< .01

1 .1

< .005

3 .9

o  .207

0 .37

5 .  31

5 .43

Henderson



x h-il-rrm cHEnilTEGH
f -1 | euetyrrcALIABoRAToRya 6100 s. STMTLER

MUFRAY. UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262.7378

DATE:

TO:  Ear thFax  Eng ineer ing
7324  So .  13OO Eas t
Midva le ,  U tah  94047

SAMPLE ID :  Lab  #UO7g6gZ Genwa l ,  1 -31  ,  6 - t t -gz
DATE SUBMITTED:  6 - t } -gz

CERTIFICATE OF ANALYSIS

7  -LO-g2

-

PARAMETER

TDS,  ng / l

Hardness as CaCO, t  mg/ l
B ica rbona te  as  HCO3,  nE/L
Carbonate  as  CO3r  ng / l
Ch lo r ide  as  C l ,  nE / l
F luor ide  as  F ,  ne / l
Ammonia  as  NH3-Nt  mg/ l
N i t ra te  as  NO' -N t  mg/ l
N i t r i t e  as  NOI -N,  mg/ l
Phosphorus  as  p ,  ng / l
Su l fa te  as  SOf ,  mg/ l
Su l f i de  as  S ,  ng / l
A luminum as  A l  (T ) ,  ng / l
A rsen ic  as  As  (T ) ,  ng / l
Bar  ium as  Ba (T  )  ,  ng /  |
Boron  as  B  (T ) ,  ne / l
Cadmium as  Cd (T ) ,  ng l l
Ca lc ium as  Ca (T ) ,  ng / l
Chromium as  Cr  (T ) ,  ng / l

DATE ANALYZED

6-LS-92

6- t7  -92

6-24-92

6-24-92

6- t7 -92

6- t8 -92

6- t5 -92

6-12-92

6- t5 -92

6-27  -92

6-25-92

6- t6 -92

7 -07  -92

7 -07  -92

7 -07  -92

7 -09-92

7 -07 -92

7 -02-92

7 -07  -92

DETECTED

270

248

298

0

2.0

0 .103

0  .24

o  .260

<.005

<.01

22

<.5

< .1

< .05

0 .045

<.1

< .01

62  .7

< .  01

NorE:  Rece ived  n i t r i t e  samp les  pas t  ho ld ing  t ime.

Henderson



H cHEMTEcH
6.. l l  ,uteLmcALraBoRATORY

a 6100 S. STRAILEF
MURRAY, UTAH 84107
PI|oNE: (Al1) 262-729n

FAX: (801) 262-tgtg

DATE:  7 - t0_92
TO:  Ear thFax  Eng ineer ing

7324  So .  l30O Eas t
Midva Ie ,  U tah  94047

SAMPLE ID :  Lab  #UO7g6gZ -  Genwa l ,  1_31  ,  6_LL_g2
DATE SUBMITTED:  6 - tT-gz

CERTIFICATE OF ANALYSIS

o

PARAMETER

Copper  as  Cu  (T ) ,  nE / l
Lead  as  pb  (T ) ,  ng / l
Magnbs ium as  Mg (T ) ,  ng / l
Manganese  as  Mn (T ) ,  ng /L
Mercury  Es  Hg (T ) ,  mg/ l
Mo lybdenum as  Mo (T ) ,  nE / l
N icke l  as  N i  (T ) ,  ng / l
Po tass ium as  K  (T ) ,  mg/ I
Se len ium as  Se  (T ) ,  ng / l
Sod ium as  Na (T ) ,  ng l l
Z inc  as  Zn  (T ) ,  ng / I
I ron  as  Fe  (D iss ) ,  ng / l
Cat  ion ,  m.eq/  |
An ion ,  meq/ l

DATE ANALYZED
7 -07 -92

7 -O7-92

7 -02-92

7 -07 -92

6-23-92

7 -07 -92

7 -07 -92

7 -02-92

7-07-92

7-0 t -92

7 -07 -92

7 -07 -92

DETECTED

<.  01
< .  01

2 I . t
< .01

< .0005

<.01

o.otz
0.7
< .005

7 .1

0 .304

0 .39

5 . t7

5 .  39

Hende rson


